Introduction
The Baikal Teal (Anas formosa) is a common migratory bird wintering in Korea. More than about 95% of its total population around the world winters (Won and Kim, 2012) . Since the early 20th century, its number of individuals had been large enough to be recorded as the most common duck in East Asia. In the mid-20th century, however, the baikal teal was classified as an endangered species because the number of this species drastically decreased due to reckless hunting and destruction of its habitats (Won and Kim, 2012) . The IUCN classified it as VU (Vulnerable) on the IUCN Red List. In 2011, however, it was classified as LC (Least Concern) as the number of individuals of the baikal teal has recently been increased (BirdLife International 2013) .
Based on the previous records in Gyeonggi-do areas, Austin (1948) believed this species as a passage migrant observed in Korea in spring and fall; however, in 1984 , the large number of wintering groups of the baikal teal (5,000 individuals) were firstly observed at Junam Reservoir in winter. Since the number of its individuals increased to 20,000w40,000 in 1986, the baikal teal had constantly wintered until the early 1990s (Yu and Hahm, 1994) . Since the mid-1990s, however, the wintering groups had been decreased in Junam Reservoir. On the other hand, the wintering groups increased in the reclaimed lands and reservoirs in the west coast, such as Cheonsuman Bay, Geumgang estuary, Donglim Reservoir, and Yeongamho Lake Cho, 1996, 1998) . Currently, at least 300,000w600,000 individuals of the baikal teal winter (Ministry of Environment, 2004 , 2005 , 2006 , 2007 , 2008 , 2009 , 2012 , Won and Kim, 2012 .
The population of the baikal teal wintering in Korea has been reported in 'Simultaneous Census of Birds in Winter' which has been conducted annually between January and February by the Ministry of Environment since 1999. In addition, several researches on its wintering ecology and behaviors were also carried out Cho, 1996, 1998) . Most of the researches investigating the wintering populations of the baikal teal in Geumgang River have been conducted once or twice a month during the wintering period (Lee, 2000 , Lee et al., 2001 , Kim et al., 2004 , Kang et al., 2010 , Nevertheless, there has been no research investigating the daily changes of distribution status of the baikal teal during the wintering period.
This study, therefore, investigated the changes of population of the baikal teal, aiming to provide the fundamental data to be used for protecting and preserving the baikal teal representing Geumgang estuary as a migratory bird sanctuary.
Materials and methods

Study area
The Geumgang River originates in Subun-ri, Jangsu-eup, Jangsugun, Jeollabuk-do. It flows in Daecheong Dam after passing through Okcheon-gun, Chungcheongbuk-do. Then, it flows in Jeollabuk-do before meeting the Mihocheon stream again. Finally, it empties into the west sea after flowing through Geumgang estuary barrage. As the construction of the Geumgang estuary barrage was completed in 1990, the Geumgangho Lake was formed because the inflow of river water and seawater to the estuary became blocked off. Since it has small alluvial bars and reed beds, the Geumgangho Lake is a popular migratory bird sanctuary in which waterbirds such as the baikal teals. Moreover, wide farmland areas formed around the Geumgangho Lake are good feeding places for winter migratory birds ( Figure 1 ).
Study methods
This study investigated the survey points and the individual numbers of the baikal teal (Anas formosa) migrating in Geumgang estuary on a daily basis from November in 2008 to March in 2009 (4 months; excluding January in 2009) and from November in 2011 to February in 2012 (4 months). Point census method was used to investigate the total number of individuals from the major survey points where the baikal teal was concentrated (Bibby et al., 1992) , Binoculars (10 Â 25, Nikon) and telescopes (Â15w45, Nikon) were used to classify the species and to calculate the individual numbers.
In addition, in order to investigate the current status of distribution of the baikal teals wintering in Korea, this study analyzed the data from 'Simultaneous Census of Birds in Winter' which has been conducted annually in January or February for 14 years (1999w2012) by the Ministry of Environment.
Result and discussion
The wintering status of the baikal teal (Anas formosa) in the Geumgang River
The findings below present the daily changes of individual numbers of the baikal teals migrating in Geumgangho Lake from The population of the baikal teal migrating to Geumgang River tended to move northwards after wintering from November to March in the next year. The population of the baikal teal of which number increased in the early wintering period was not observed in the mid-wintering period when Geumgang River became frozen (more than 50% frozen for about 27 days: 27 December, 2011w 17 January, 2012; 24w28 January, 2012). On the other hand, the population tended to increase again in the late wintering period when the river began to thaw (Figure 2 ). The baikal teals sleep or rest in flocks at safe reservoirs or swampy places during the daytime, whereas they begin to move at sunset and generally feed at nearby farmlands at night (Won, 1981 , Allport et al., 1990 . As the river becomes frozen from the late December and January because of the decreased temperature, the Geumgang River is not an appropriate place for the baikal teals to sleep and rest. In this sense, it is speculated that the baikal teals migrate to other places which are not frozen Cho, 1996, Won and Kim, 2012) . Moreover, the baikal teal is considered to prefer flat water areas without currents, in that it was mainly observed in the upper stream of Geumgang estuary barrage but not in the downstream. This might be because their energy consumption while resting at flat water is less than at retarding basins. An increasing number of land reclamation projects concentrated around the west coast result in the increase of nearby farmlands and flat water such as artificial reservoirs and lakes. As a result, this change can provide appropriate habitats to wintering ducks including the baikal teals. Therefore, it is speculated that it can be one of the factors to the increasing number of wintering ducks including the baikal teals in the west coast areas (Kang and Cho, 1996 , Lee, 2000 , Choi et al., 2007 .
The status of the baikal teal (Anas formosa) wintering in Korea
According to the data from the 'Simultaneous Census of Birds in Winter' conducted by the Ministry of Environment, the baikal teal has been observed more than once in 78 areas all over the country. (Figure 3 ). About 200,000w450,000 individuals wintered from 1999 to 2006, whereas the number was rapidly increased over 800,000 individuals in 2007. It has been increased up to about 600,000w1,000,000 individuals until 2010, exceeding the annual average number of individuals. Since then, it tended to decrease again below the annual average until 2012 (Figure 3) .
Of the 78 areas where the baikal teal has been observed in Korea, Chungcheongnam-do has the most number of areas (22 areas), followed by Jeollanam-do (18 areas) and Daegu and Gyeongsangbuk-do (12 areas) (Table 2) . Moreover, the baikal teals have been observed in 52 areas (approximately 66% of the total) located in the west coast areas including Seoul and Gyeonggi-do, Chungcheongnam-do, Jeollabuk-do, and Jeollanam-do (Table 2) . Regionally observed number of individuals of the baikal teal showed that Jeollabuk-do including Geumgang River recorded the largest average number of individuals (256,385.6 individuals) and the highest number of 740,005 individuals (recorded on 20 January, 2007), followed by 327.8 (Yu and Hahm, 1994) ; however, the number had been decreased since then. In Geumgang estuary, the highest number of 300,000w450,000 individuals were observed, which indicates that its wintering population has been increasing (Kang et al., 2010) . After the mid-1990s, the population of the baikal teals started to increase along the west coast areas. Currently, more than 99% of its population is concentrated in the west coast areas. This result implies that the areas which are suitable for wintering ducks such as the baikal teals have been increased because of the loss of mud flats but the increase of artificial reservoirs and lakes, which result from an increasing number of land reclamation projects concentrated around the west coast (Kang and Cho, 1996 , Lee, 2000 , Choi et al., 2007 . The increase of land reclamation projects results in the rapidly decreasing number of individuals of shorebirds as their habitats and feeding sources have been reduced by the loss of mud flats (Kang et al., 2011) . On the other hand, the number of individuals of wintering ducks receiving appropriate habitat environment has constantly increased. Thus, it seems that the imbalance of taxonomic number of individuals will presumably be exacerbated. If wild birds including the baikal teals, which gather in large flocks, are concentrated in certain areas, they will be highly likely to be exposed to infectious diseases such as avian influenza (AI) and fowl cholera, which can lead to the mass mortality. Therefore, it is suggested that measures to disperse the population of wild birds should be prepared to make them not concentrated in certain areas.
